Introduction
To demonstrate the Golgi apparatus, there have been many kinds of techniques beginning with the classical impregnation methods with metal salts. These techniques may be roughly classified into two categories, impregnation methods of fixed materials and vital staining methods. The discrepancy in the morphology disclosed by these two different techniques compelled the author to undertake an investigation of these conflicting discussions. Many workers are now found who hold the opinion that the Golgi apparatus is merely an artifact image brought about by the accumulation of metal precipitations.
During the course of study made between 1939 and 1943, the author succeeded in rendering visible the Golgi apparatus by means of quite a different technique from the hitherto adopted ones.
He termed this technique the "Protease-Nile blue sulphate technique". The Golgi apparatus found in the animal cells are stained without exception by this anilin dye when digested previously by the proteolytic enzymes. These results furnish proof of the presence of the Golgi material, because there is no danger of artificial accumulation of metalic precipitation.
Though the author was able to provide an answer to the position held by the "vacuome theorists ", still there remained the serious question that a vitally staining method such as would reveal the classical morphology of this cell organ was lacking.
A survey of the literature revealed only a few cases in which the classical morphology of the apparatus could be stained by dyes in living state.1 The most conspicuous example is seen in Zawarzin's work (1909) on the apparatus of the epithelial cells of Descemet's membrane of the eye, which stains vitally with methylene blue. Tanaka (1933) observed the Golgi apparatus of nerve cells and retina cells in a tissue culture using Nile blue sulphate as the vital staining dye. But he rather holds Parat's vacuome hypothesis. Accord ing to Tanaka the granules staining deeply with Nile blue sulphate corresponded to the vacuomes of Parat, and the area surrounding them taking the dye lightly was the lipoidferous cytoplasm which is surely cor 1 The dictyosomes in the germ cells have been known to be stainable by Janus green, Dahliaviolet and other lipoidphilic dyes. But, for the present, these cases cannot be con sidered, because these dictyosomes are composed of somewhat different chemical substances from the ordinary network of the Golgi apparatus in somatic cells.
responding to the classical network of the impregnation technique . The author also stained the Golgi apparatus of the pancreatic acinar cells of the mouse injected with the same dye intraperitoneally (Tarao , 1940) . In this material the genuine Golgi apparatus appeared as a network or as irregularly bending rods beside the deeply stained lipoid granules . Because of this fact the author is convinced by this observation that the Golgi apparatus, as the classical network, is really present in the living cells in general.
Since those investigations interrupted by the second world war and the disordered condition after the war, a serious effort has again been made to find a generally applicable technique.
The study has been especially focused on the nerve cell in which the Golgi apparatus as a typical network is found. A special technique for this purpose has ulti mately been devised as detailed in the following paragraph .
Method of investigation
In this investigation the sympathetic ganglion of the white rat, Rattus norvegicus var. albinus (Hatai) was mainly employed as the material.
Besides the rat the liver of newt (Triturus pyrrogaster (Boie)) was also employed to make sure of the nature of the component sub stances in the Golgi apparatus.
Ganglia were disected out from the anaesthetised animal by chloro form vapour.
They were ground in the homogenizer for a few seconds in Weber's alkalic KCl solution1 which was prepared originally for the extraction of the actomyosin in the muscle. The grinding process of the ganglia was stopped before they come to be a tissue gruel. It is inevit able for the liver of the newt to become gruel, because it is very soft and even after a very short grinding it loses its original structure. By this procedure the perineurium, the covering of the ganglia, can be removed. As a consequence the ganglia are rendered naked and thus come in direct contact with the dye solution. The ganglia so prepared are rapidly placed on the slide glass and are stained in 1:10000 solution of the Nile blue sulphate.
The dye was dissolved in normal saline solu tion. The dye solution becomes purple due to the influence of alkali from Weber's solution.
The dye solution therefore must be renewed once or twice until the colour becomes original blue. Then the material is covered with a cover slip, upon which a slight pressure is made in order to make the material lie flat. All these steps must be done as rapidly as possible, for the vital staining of the Golgi apparatus fades in about 10 minutes. During such a short period of time, the observation must be made. It is better to seal the margin of the cover slip with wax to avoid displace ment. In the case of hepatic cells of the newt, the duration of the staining of the apparatus can be prolonged up to 30 minutes when the preparation is preserved in a refrigerator.
But it is generally better to make observation as soon as possible; as the image is clearer immedia tely after staining.
The preparation becomes stained in the following manner. The peri phery of the ganglion is stained a deep blue which indicates that the cells are dead. This blue colour does not fade at all, the denaturation of the cell protein being irreversible. Just under this denaturated layer, we can find a zone where the ganglion cells reveal typical Golgi ap paratus stained blue by Nile blue sulphate.
As one gets used to the observa tion, it is quite easy to find these cells under the low magnification of microscope.
As stated above, the liver of the newt easily looses its structure by the grinding action in the homogenizer.
The Golgi ap paratus (bands) stained blue are frequently observed floating in the dye solution.
Parallel with the fresh preparations, those prepared after the clas sical osmium impregnation methods, that of Kolatchev was the best. Besides the new technique, just described, oridinary vital staining with neutral red and other dyes were also employed.
In the present study the influence of various buffer solutions upon the vital staining, ranging from 5.0 to 8.3, was also studied. Among several kinds of buffer solutions, the phosphate buffer afforded the best results.
As stated in the next paragraph the pH values above 7.1 were suitable for vital staining.
But the preparations soaked in a Nile blue sulphate solution so buffered gave a much inferior figure of the network than those prepared after the new technique.
Observation
Nerve cells of the rat:
As has been generally admitted, the nerve cells of the spinal ganglia assume either of two categories of morphology from their size and from their distribution of the Golgi apparatus in the cytoplasm.1 In the large cells, the Gogli apparatus are represented as scales, rods or rings, and have a small quantity of Golgi substance.
If the impregnation by the osmic acid be stopped before the Golgi apparatus properly impregnated, those in the large cells are observed to be slightly blackened, while those in small cells are sufficiently impregnated. The Golgi apparatus in the large cells are evenly distributed throughout the cytoplasm, while those in the small cells adhere to the nuclear membrane forming a typical network.
For the present work, the observation is1
On this fact, Covell (1927) made aparticular study. 
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restricted solely to the small cells. The Golgi apparatus in the small ganglion cells of the rat assumes an apparent network around the nucleus. But on closer observation, this network is composed of many deformed rings gathering around the nuclear membrane.
The contour of these rings is best indicated when the impregnation is restricted within four days. A relatively heavy impregnation brings about the artifact.
As will be stated later, such a degree of impregnation reveals images fully corresponding to those of vital staining. Fig. 1 . is the microphotograph of the small nerve cell impregnated with osmic acid. Larger photograph is enlarged from the smaller one.
The following figures from 2 to 8 are photographs of vital staining. Among them the preceding five figures are the photographs taken immedia tely after the staining, while the last two are taken about 10 minutes after staining.
The Golgi apparatus in these photographs correspond exactly to the impregnated ones. Especially the strands of the apparatus, to say nothing of the deeply staining "lipochondria ", are visible in a blue colour. The lipochondria, which may be better called "vacuomes ", are deeply stained with Nile blue sulphate.
These are also stainable with Neutral red, but their stainability is far less than that in other tissue cells. As the strands of the blue stained apparatus fade gradually, until at last they go out of sight.
The lipochondria remain stained for a comparatively long time, exhibiting the same feature as do the vacuomes when they are stained Neutral red.
Nerve cells only with lipochondria are illustrated in Figs. 7 and 8.
The contour of the Golgi apparatus may be much clearer in the photographs of smaller magnification than in the enlarged ones. But the details can be better analized from the enlarged photographs. When examined carefully, the Golgi apparatus is seen to be composed of many deformed vacuoles, and the margin of these vacuoles are lined with either a thick or a thin lipoidferous protein.
These vacuoles come out rather clearly when the preparation is carefully watched during the course of fading (Figs. 7 and 8) . Lipochondria lie upon the margin of vacuoles, but they are not so conspicuous as other tissues and consequently in the preparation stained in full degree it would be rather difficult to dif ferentiate them.
As the stained Golgi substance begins to fade, the lipo chondria appear as small granules not very intensely stained.
Together with the appearance of the lipochondria, vaculoles begin to appear. The lipochondria seem to lie always at the end of the canal or of the vacuoles, thus forming tiny crescents (Figs. 7 and 8) .
Hepatic cells of the newt:
The author pointed out that the Golgi apparatus of the hepatic cells in the newt are in the form of bands lying along the bile canaliculi between the cells (Tarao, 1939) . In this work the material was subjected to digestion with proteolytic enzymes and to staining mith Nile blue sulphate; consequently the presence of band of Golgi substance is assured.
In full agreement with the figure made by the "protease-Nile blue sulphate technique", the Golgi bands are stainable in the living condi tion by means of the present technique.
Figs . 10a and 10b are photo graphs of the same Golgi apparatus stained vitally. The former shows the apparatus immediately after the vital stainig, and the latter shows S. TARAO Cytologia 18
Discussion
As stated in the introduction, many attempts have been made in order to make clear the living morphology of the Golgi apparatus. Among these attempts the successful observations of the apparatus have been obtained mainly upon the cells in tissue culture and the germ cells (Peroncito, 1913; Ludsord, 1935; Nath, 1931; Nath-Nangia, 1931 ). The vital staining of the dictyosome, or the discrete form of the ap paratus, has been frequently reported since the work of Karpova (1925) . Aside from the above data and also aside from the so-called "vacuome", which cannot be represented as being the whole feature of the Golgi apparatus, there remain only a few successful cases. Among them the report of Tanaka (1933) is in relation to the present work. Tanaka employed the same dye, Nile blue sulphate, as the vital dye. He actually recognized the net-like image of the apparatus in the nerve cells and retina cells in the tissue culture.
But he rather supported Parat's opinion that this vaguely stained net did not have a clear con tour and might be interpreted as a "zone de Golgi", a lipoidferous cyto plasm.
He tended to stress, therefore, the deeply stained "vacuome" rather than this net. The present author succeeded in taking micro photographs of the genuine Golgi apparatus of pancreatic acinar cells in the mouse stained by vital staining with the same dye (Tarao, 1940) . With a glance at these photographs one may be impressed that the same reticular structure of the classical form is actually stained in a living condition.
Recently Baker (1949) devised two new techniques which consist of vital staining with neutral red (or Dahlia violet) and calcium chloride; and with a Sudan black method.
Baker recommended the Sudan black in a weak alcohol solution, by means of which Golgi bodies were observed having a scale shape and being attached to the viscous secretory granule, and Golgi bodies having a ring shape with fluid vacuoles.1 Thus Baker has never met with the classical reticular apparatus.
It seems that Baker's claim is not so markedly different from the "System-theory " or Hirsch (1939) . Indeed, the conflicting controversies so far discussed could be caused by the difference between the "Monosystem" and the "Polysystem" of Hirsch.
The latter assumes the reticular structure. But it must be stressed that the lipoidferous covering of each unit is different from the so-called vacuome or lipochondria.
If such a "Polysystem" is deformed by a certain positive or a certain negative pressure, then each unit will have an irregular contour.
In extreme cases the system must become a 1 Gatenby and Moussa (1950) claimed that the Golgi bodies of Baker and Thomas were no more than the sudanophil granular mass, and the true Golgi apparatus is con structed with paranuclear filaments which are seen under the phase contrast microscope. canalicular system which may better be called a "trophospongium" In the present work, the Golgi apparatus in the small type of nerve cells are composed of the aggregation of deformed units of a monosystem as clearly seen in the fixed preparations.
In the living state, the structure when disclosed by the alkaline KCl-Nile blue sulphate technique follows quite the same plan. But as the time elapses, the light staining of the margin of the units fades gradually, leaving small lipochondrial (vacuome) granules at the corner of these units. Notwithstanding the above facts, the Golgi apparatus are not always constructed of the units of the mono system. The Golgi bands in the hepatic cells of the newt afford a good example. The apparatus here usually contains no vacuoles. They have never been observed to be constructed with monosystem units.
They are made up of a homogeneous ground substance which is infiltrated with bile pigment, staining yellow or yellowish green.
This infiltration of pigment is easily observable in the freezing drying preparations.
The ground substance in this material corresponds exactly to the covering of the Golgi unit in the nerve cell of the rat in every respect to impregna tion with osmic acid and staining vitally with the Nile blue sulphate. In both cases the vital staining fades gradually, leaving the deeply staining lipochondria (vacuome) on the margin.
Though, from the super ficial appearance, there is a marked difference between these two types of Golgi apparatus, the principle is all the same. The very essential substance composing the apparatus is this ground substance, and the enclosed vacuole or chromophobe part (or Golgi internum) is merely a substance condensed through the semipermeable membrane of Golgi sub stance.
The separation of "Golgi externum" and "Golgi internum" shows the difference of phase according to the nonsolving property of the latter into the former.
If the condensing substance is soluble in the Golgi substance, like the bile pigment of the liver, the whole apparatus is homogeneously infiltrated by this substance.
Worley's work (1944) concerning the vital staining of the Golgi apparatus must be mentioned.
At first he employed either the Navanax or Mytilus embryo, throughout the course from egg to veliger larva. In this material, he claimed that he succeeded in staining the genuine Golgi apparatus using a considerably diluted methylene blue solution.
He insisted that the Golgi apparatus in the living condition assumes at first the pudding stone type, which gradually disintegrate into the solitary units of a rounded shape. By immersing the stained material into a hypertonic NaCl solution (3-4%) the apparatus gradually alters its mor phology having the appearance of the classical network.
By dint of these techniques, Worley could always observe the Golgi apparatus of the pudding stone type in the cells of the pancrea, tongue, and muscle in the mouse and in the Amphibians.
In the case of these vertebrates, a very dilute solution of methylene blue was injected into the animals twice; i.e. 1:1,000,000 solution for 24 hours first, and 1:200,000 solution for 24 hours next. The rounded Golgi apparatus stained by methylene blue shrink in the hypertonic NaCl solution as in the case of Navanax and Mytilus, showing the appearance of the classical Golgi apparatus. Con cerning this pudding stone type one must refer to the classical work of Chlopin (1927) who first demonstrated the phenomenon of "crinome". According to Chlopin the vital staining of the animal cells with neutral red produces an artificial swelling up of the so-called vacuome. In the pancreatic acinar cells, the present author also recognized this phono menon which appears in the photographs of the paper issued in 1940. The long application of methylene blue as done in the experiment of Worley would probably produce an artificial swelling.
Recently Palade and Claude (1949) offered another hypothesis. By adding Sudan black solution in 70% ethanol to the homogenized pancras, intestine, and to the spinal ganglion, they secured the image of the apparatus having protuberances which simulate the Golgi apparatus in material fixed by the classical fixatives.
These figures, according to these two investigators, are nothing more than the myelin figures brought about by the ethanol contained in the dye solution.
Again, they claimed that the classical network of the apparatus is also the myelin figure due to the acidity of the classical fixatives.
The classical fixatives reveal strong acidity.
The optimum condition in which the myelin figure grows is said to be between pH 5.0 to 5.8. It seems to the present author that such slight acidity may naturally occur in the living cells. It is of no use therefore to employ the word "artifact".
Moreover, in many cases, the Golgi apparatus impregnated by the usual methods are too delicate in structure to be a myeline figure (for example, refer to Fig. 9 of this paper).1 In recent years Gersh (1949) proved the presence of a kind of glycoprotein in the Golgi apparatus primarily in the columnar cells of the mucosa of the duodenum of the rabbit and of the guinea pig. He applied to these materials the freezing drying method and the Hotckiss' test for polysaccharides.
He was able to differentiate the inner and outer structures.
In the ordinary material, pancreas, intestine, and spinal ganglion, Simpson (1941) was able to stain the marginal substance around the apparatus with Resorcin-fuchsin after fixing by the freezing drying method and the extraction of fat. It would seem most likely that in certain material the canalicular of vacuolized system, at least of the duplex nature, persists in the Golgi apparatus.
With an adequate degree of impregnation, such a structure is clearly observable in the nerve cells. Quite parallel to the fixed apparatus, the author was able to stain nerve 1 Gatenby and Mousa (1951) 
